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DESCRIPTION 

HUMIDIFYING DEVICE AND OXYGEN CONCENTRATING SYSTEM 

5 TECHNICAL FIELD 

The present invention relates to a humidifying 
device for supplying moisture contained in air to a dry 
gas, to humidify the gas, and an oxygen concentrating 
system using such a humidifying device. 

10 

BACKGROUND ART 

As a humidifying device for humidifying a dry 
medical gas, a humidifying device of a gas bubble type or 
a evaporation type, which uses liquid water, is disclosed 

15 in, for example, Japanese Unexamined Patent Publication 

(Kokai) 06-238002. However, such a humidifying device 
using liquid water has problems in that it is necessary 
to periodically refill water in a container, or long-time 
usage may allow bacteria to propagate in the container or 

20 may make the water for humidif ication dirty. Therefore, 

the humidifying device must be washed periodically. 

On the other hand, Japanese Unexamined Patent 
Publications (Kokai) Nos . 5-049697 and 8-141087 disclose 

25 humidifying devices, of a membrane type, which humidify a 

medical gas using water-permeable membranes. A 
humidifying device of a membrane type solves the above- 
mentioned problems because it uses water contained in the 
air. However, the humidifying device as disclosed in the 

30 above publications uses a compressed air, which may make 

it difficult to control the humidity, and a problem may 
appear in that, in particular, when a flow rate of the 
medical gas to be humidified is low, the gas is 
excessively humidified . 

35 

Further, Japanese unexamined Patent Publications 
(Kokai) Nos. 2000-237317 and 2000-237318 disclose 
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humidifying devices, of a membrane type, using air at 
atmospheric pressure. In the humidifying devices as 
disclosed in the above-mentioned publications, however, 
it is difficult to bring a sufficient amount of air into 
contact with a moisture-permeable membrane, resulting in 
a problem in that the humidifying performance of the 
devices varies in accordance with the environmental 
conditions such as the humidity of the air in the room in 
which the humidifying device is installed. 

DISCLOSURE OF THE INVENTION 

Accordingly, an object of the present invention is 
to solve the problems in the prior art described above, 
and to provide a humidifying device capable of 
humidifying a gas to be humidified and, in particular, a 
dry medical gas, to the same degree as the atmospheric 
air, without using liquid water. 

To achieve the above-mentioned object, according to 
20 the present invention, there is provided a humidifying 

device for humidifying a gas, with the water vapor 
contained in air, comprising: a hollow fiber bundle 
formed by bundling a plurality of hollow fibers permeable 
by water vapor, the hollow fibers being orientated in a 
25 direction of a predetermined axis; a housing having a 

space for accommodating the hollow fiber bundle therein, 
and having an introduction port for the gas to be 
humidified, communicating to bores of the hollow fibers, 
a discharging port for the gas to be humidified, 
30 communicating to the bores of the hollow fibers, an air 

inlet communicating to a space in the housing external of 
the hollow fibers, and an air exit communicating to the 
space in the housing external of the hollow fibers; and 
blowing means arranged at the air inlet of the housing 
35 for introducing air into the housing, wherein a ratio 

between the sum of the cross-sectional areas of the 
hollow fibers taken along a plane perpendicular to the 
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axis, and the cross-sectional area of an air passage, is 
set within a range from 0.1 to 0.7, the cross-sectional 
area of the air passage being obtained by subtracting the 
sum of the cross-sectional areas of the hollow fibers 
5 from the cross-sectional area of the space of the housing 

taken along a plane perpendicular to the axis. 

According to another aspect of the present 
invention, there is provided a humidifying device for 

10 humidifying a gas, with the water vapor contained in air, 

comprising: a plurality of hollow fiber bundles 
respectively formed by bundling a plurality of hollow 
fibers permeable by water vapor, the hollow fibers being 
orientated in a direction of a predetermined axis; a 

15 housing having a space for accommodating the plurality of 

hollow fiber bundles, and having an introduction port for 
the gas to be humidified, communicating to bores of the 
hollow fibers of the respective hollow fiber bundles, a 
discharging port for the gas to be humidified, 

20 communicating to bores of the hollow fibers of the 

respective hollow fiber bundles, an air inlet 
communicating to an space in the housing external of the 
hollow fibers, and an air exit communicating to the space 
in the housing external of the hollow fibers; and blowing 

25 means arranged at the air inlet of the housing for 

introducing air into the housing. 

Further, the humidifying device according to the 
present invention could be used to humidify the oxygen- 

30 concentrated gas produced by an oxygen concentrating 

system for a medical use, the system adsorbing nitrogen 
contained in the air and removing it therefrom to produce 
an oxygen-concentrated gas for a medical use, and 
comprising: an oxygen concentrating section of a 

35 pressure-swing adsorption type having a plurality of 

adsorption columns, the columns respectively 
accommodating adsorbents having a selective absorbability 
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for nitrogen; a conduit for introducing the oxygen- 
concentrated gas produced in the oxygen concentrating 
section to a user; pressure-adjustment means disposed in 
the conduit for adjusting a pressure at an exit of the 
5 oxygen concentrating section to a constant value; and 

flow rate regulating means for regulating a flow rate of 
the oxygen-concentrated gas flowing through the conduit 
to a constant value. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of an oxygen concentrating 
system for a medical use to which the present invention 
is applied; 

15 Fig. 2 is a schematic cross-sectional view of a 

humidifying device according to a first embodiment of the 
present invention; 

Fig. 3 illustrates a cross-section taken along a 
20 line III-III in Fig. 2; 

Fig. 4 is a graph illustrating a result of 
experiments carried out by using the humidifying device 
shown in Figs. 2 and 3; 

25 

Fig. 5 is a schematic cross-sectional view of a 
humidifying device according to a second embodiment of 
the present invention; and 

30 Fig. 6 illustrates a cross-section taken along a 

line VI-VI in Fig. 5. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Preferred embodiments of the present invention will 
35 be described with reference to the attached drawings. 



Referring to Fig. 1, an oxygen concentrating system 
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for a medical use is illustrated as one example of a 
medical gas supplying system to which a humidifying 
device according to the present invention can be applied. 
The oxygen concentrating system 100 comprises an oxygen 
5 concentrating section 110 of a pressure-swing adsorption 

type, a buffer tank 120, a pressure-adjustment valve or a 
pressure-reducing valve 122 for regulating an exit 
pressure of the buffer tank 120 to a constant value, a 
flow rate regulating section 140, a flow rate setting 

10 section 160, a humidifying device 170, and a controlling 

section 150 for controlling the operation of the oxygen 
concentrating section 110, the flow rate regulating 
section 14 0 and the humidifying device 170. The oxygen- 
concentrated gas thus produced is supplied to a patient 

15 (not shown) via a pipe 180 and a nose cannula NP. The 

oxygen concentrating section 110 is an oxygen- 
concentrator of a four-column type provided with four 
adsorption columns 112, a compressor 114 capable of 
compression/decompression, and a rotary valve 116, and 

20 generates a gas containing approximately 90% absolutely 

dry oxygen. 

The adsorption column 112 may be provided with a 
hollow tubular member formed of a material, such as 

25 metal, hardly permeable by gas and is filled therein with 

adsorbent having a selective absorbability to nitrogen. 
The adsorbent may be a molecular sieve of crystalline 
zeolite. Such zeolites are preferably those having 
metallic elements as cations and may include sodium 

30 zeolite X, lithium zeolite X or the like. 

The flow rate regulating section 140 comprises a 
flow rate sensor 142 of a supersonic type, an automatic 
throttle valve means 144, and a pressure sensor 146 
35 forming a respiration phase detecting means. The 

automatic throttle valve 144 comprises a linear valve of 
a solenoid type having a maximum orifice diameter of 1.7 
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nun. The pressure sensor 146 uses a pressure sensor 
having a pressure measurement range of ±75Pa, and a start 
of the inspiration phase is determined at a point in 
which the output of the pressure sensor 14 6 changes from 
5 a positive pressure to a negative pressure. 

Next, a humidifying device according to a first 
embodiment of the present invention will be described 
with reference to Figs. 2 and 3. 

The humidifying device 10 comprises a hollow 
circular-cylindrical housing 12 and a bundle 14 
comprising a plurality of hollow fibers 14a disposed 
within the housing 12. Partition walls 16a and 16b are 
also provided in the housing 12, to divide the interior 
space of the housing 12 into an introduction chamber 15 
for a gas to be humidified, which is located adjacent to 
an upstream end of the hollow fiber bundle 14 and 
communicates to the inner spaces of the hollow fibers 
14a, a discharging chamber 15 for gas to be humidified, 
which is located adjacent to a downstream end of the 
hollow fiber bundle 14 and communicates to the inner 
spaces of the hollow fibers 14a, and an operation chamber 
17 arranged between the introduction chamber 13 and the 
discharging chamber 15. 

The housing 12 has an introduction port 12a for the 
gas to be humidified, which is formed in an upstream end 
wall and communicates to the introduction chamber 13, and 
30 an discharging port 12b for the gas to be humidified, 

which is formed in a downstream end wall and communicates 
to the discharging chamber 15. The introduction port 12a 
and the discharging port 12b are connected to the pipe 
180. In a lateral wall of the housing 12, there are 
35 provided an air inlet 12c and an air exit 12d 

communicating to the operation chamber 17 which is an 
external space of the hollow fibers 14a, and a fan 16 is 
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provided at the air inlet 12c for supplying the outside 
air into the operation chamber 17. A humidity sensor 18 
is arranged in the pipe 180 downstream of the housing 12, 
and the control section 150 controls the rotational speed 
5 of the fan 16 to make the humidity detected by the 

humidity sensor 18 equal to a predetermined value. 

The hollow fiber bundle 14 has 50 to 1,000 moisture 
permeable hollow fibers 14a. The respective hollow fiber 
14a is preferably formed of f luoropolymer membrane having 
sulfonic acid as a functional group, such as Nafion 
membrane available from E. I. du Pont de Nemours & 
Company, a polyimide membrane or a polyether-imide 
membrane. Particularly, a polyimide membrane available 
from Ube Industries, Ltd. and a polyether-imide membrane 
available from Kuroda Precision Industries Ltd. have a 
respective water vapor permeation rate which hardly 
changes over time and, accordingly, are preferable. The 
number of the hollow fibers 14a is selected in accordance 
with a flow rate of the gas to be humidified, a target 
humidity, a water vapor permeation rate of the fiber 14a, 
a length and a diameter of the fiber 14a or an air flow 
rate of the fan 16, or the like. 

25 Fig. 4 is a graph obtained by experiments, carried 

out using the humidifying device shown in Figs. 2 and 3, 
illustrating the relationship of the humidity of the 
oxygen-concentrated gas, as a gas to be humidified, with 
respect to a ratio (the cross-sectional area ratio = 

30 2^Shy/Sap) between a sum of the cross-sectional areas of the 

hollow fibers 14a (EShy) and a cross-sectional area of an 
air passage. The cross-sectional area of an air passage 
is obtained by subtracting the sum of the cross-sectional 
areas of the hollow fibers 14a from the cross-sectional 

35 area Sap of the operation chamber 17. The experiments 

were carried out using the bundle 14 of 200 to 1,000 
hollow fibers 14a formed of polyimide membrane, each 
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having an inner diameter of approximately 4 00|im, an outer 
diameter of approximately 500|im, a length of 150 mm and a 
water vapor permeation rate of approximately 200x10"^ cm'^ 
(STP)/(cm^ sec cm Hg) . As a gas to be humidified, oxygen- 
5 concentrated gas at 23®C was supplied at a flow rate of 

5000 cm'^/min. The fan 16 was a small-sized, axial flow fan 
of a low noise type, by which air of 23®C and 50%RH was 
supplied. 

10 With reference to Fig. 4, when the cross-sectional 

area ratio is within a range from 0.1 to 0.7, the oxygen- 
concentrated gas in an approximately absolutely dry state 
is humidified to have a relative humidity of 
approximately 40%RH or more, and is usable in a medical 

15 gas supply system. Particularly, when the cross-sectional 

area ratio is within a range from 0.2 to 0.6, the oxygen- 
concentrated gas in an approximately absolutely dry state 
could be humidified to be the relative humidity of 
approximately 45%RH . 

20 

Next, the humidifying device according to a second 
embodiment of the present invention will be described 
with reference to Figs. 6 and 7. 

25 The humidifying device 20 according to the second 

embodiment is structured generally in the same manner as 
in the humidifying device 10 according to the first 
embodiment, and comprises a hollow, circular-cylindrical 
housing 22 and a plurality of hollow fiber bundles 24 

30 disposed in the housing 22, each of the plurality of 

hollow fiber bundles 24 comprising a plurality of hollow 
fibers 24a. In the interior of the housing 22, partition 
walls 16a and 16b are provided to divide the interior 
space of the housing 22 into an introduction chamber 23 

35 for a gas to be humidified, which is located adjacent to 

an upstream end of the hollow fiber bundles 24 and 
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communicates to the inner spaces of the hollow fibers 
24a, a discharging chamber 25 for a gas to be humidified, 
which is located adjacent to a downstream end of the 
hollow fiber bundles 24 and communicates to the inner 
5 spaces of the hollow fibers 24a, and an operation chamber 

27 arranged between the introduction chamber 23 and the 
discharging chamber 25. 

The housing 22 has an introduction port 22a for the 
gas to be humidified, which is formed in an upstream end 
wall and communicates to the introduction chamber 23, and 
an discharging port 22b for the gas to be humidified, 
which is formed in a downstream end wall and communicates 
to the discharging chamber 25. The introduction port 22a 
and the discharging port 22b are connected to the pipe 
180. In a lateral wall of the housing 22, there are 
provided an air inlet 22c and an air exit 22d 
communicating to the operation chamber 27 which is an 
external space of the hollow fibers 24a, and a fan 26 is 
provided at the air inlet 22c for supplying the outside 
air into the operation chamber 27. A humidity sensor 28 
is arranged in the pipe 180 downstream of the housing 22, 
and the control section 150 controls the rotational speed 
of the fan 16 to make the humidity detected by the 
humidity sensor 18 equal to a predetermined value. 

In the embodiment shown in Figs. 5 and 6, seven 
bundles 24 of the hollow fibers are provided, each bundle 
24 has 100 hollow fibers 24a. The hollow fiber 24a may 
30 be of the same structure as that of the first hollow 

fiber 14a. The number of the hollow fibers 24a is 
selected in accordance with a flow rate of the gas to be 
humidified, a target humidity, a water vapor permeation 
rate, a length and a diameter of the hollow fiber 24a or 
35 an air flow rate of the fan 26, or the like, and the 

number of the hollow fiber bundles 24 is depended on the 
number of hollow fibers 14a to be used. For example. 
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when 500 hollow fibers 24a are necessary, each of the 
hollow fiber bundles 24 may include 50 to 100 hollow 
fibers 24a; when 1,000 hollow fibers are necessary, each 
of the hollow fiber bundle 24 may have 50 to 250 hollow 
fibers 24a; when 2,000 hollow fibers are necessary, each 
of the hollow fiber bundle 24 may have 100 to 500 hollow 
fibers 24a; and when 5,000 hollow fibers are necessary, 
each of the hollow fiber bundle 24 may have 200 to 1,000 
hollow fibers 24a. 

Also, if the hollow fiber bundles 24 are 
accommodated in the housing 22 with an excessively large 
gap between the adjacent hollow fiber bundles 24, a so- 
called short-path occurs wherein air supplied by the fan 
26 does not enter the hollow fiber bundles 24 but is 
discharged from the housing 22, whereby the humidifying 
performance is significantly deteriorated. Accordingly, 
it is necessary that the hollow fiber bundles 24 are 
disposed in the housing 22 with a gap of several 
millimeter or less between adjacent bundles. 

While the preferred embodiments of the present 
invention have been described above, it will be, of 
course, apparent by persons with ordinary skill in the 
25 art that the present invention should not be limited 

thereto but may include various changes and modifications 
thereto . 

While the supply system of the oxygen-concentrated 
30 gas for the medical use is described as a representative 

medical gas supply system applied to the present 
invention, the present invention should not be limited 
thereto but may be used for humidifying other medical 
gases such as nitrous oxide gas. Also, the humidifying 
35 device of the present invention may be used not only for 

humidifying the oxygen-concentrated gas obtained by 
separating nitrogen from air as medical gas but may also 
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for humidifying oxygen gas produced by vaporizing liquid 
oxygen . 



